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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a deep groove and a narrow track pitch and to 
realize high-density recording and reproduction having a small difference of 
performance in an magneto-optical recording medium by which magnetic domain wall 
displacement reproduction is realized in a land and groove system. 
SOLUTION: A flatly annular or spiral land 21 and a groove 22 are provided at a 
magneto-optical disk 7 having a magnetic layer 63 consisting of a magnetic domain 
wall displacement layer 63a t a switching layer 63b and a record holding layer 63c. Both 
of the land 21 and the groove 22 are used as recording and reproducing areas, and a 
side wall 23 existing between the land 21 and the groove 22 and the neighborhood of it 
are annealed, thereby physical property is changed. The width of the land 21 is larger 
than that of the groove 22 by from 0.5 times to four times of the side wall 23, and the 
ratio of the width of the land 21 to that of the groove 22 ranges from 1.05 to 1.20. 
Further, the period of the groove 22 ranges from 1.0 to 1.2 microns. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It has the magnetic layer of a configuration of that the laminating of the magnetic 
domain wall moving bed, a switching layer, and the record maintenance layer was 
carried out. If an impression field is modulated while the light beam for record is 
irradiated, information will be recorded on the record playback field of said magnetic 
layer. It is the magneto-optic-recording medium of the domain-wall-displacement 
mold with which said information is reproduced by detecting change of the plane of 
polarization which the magnetic domain wall of the record mark currently imprinted by 
said magnetic domain wall moving bed will move if the light beam for playback is 



irradiated by said record playback field, and the reflected light of said light beam for 
playback has, 

Annealing treatment of the side attachment wall which exists between the lands and 
grooves which constitute said record playback field, and its near is carried out, 
The width of face of said land is a magneto-optic-recording medium characterized by 
only the 4 times [ 0.5 to ] as many size of the width of face of said side attachment 
wall as this being large as compared with the width of face of said groove. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention relates to the magneto-optic-recording medium which reproduces the 
information especially recorded on the magnetic thin film (magnetic layer) about the 
magneto-optic-recording medium which records information with a 
domain-wall-displacement playback system. 
[0002] 

[Description of the Prior Art] 

Information is recorded by writing a magnetic domain (record mark) in a magnetic thin 
film (magnetic layer), using the heat energy of semiconductor laser as a rewritable 
high density recording method in a magneto-optic-recording medium, and there are 
some which read information using the photoelectromagnetic effect. In recent years, 
the demand which is going to raise further the recording density of the 
magneto-optic-recording medium using this method, and is going to realize a mass 
record medium is increasing. It depends on the laser wavelength of playback optical 
system, and the numerical aperture of an objective lens for the track recording 
density of the optical disk which is such a magneto-optic-recording medium greatly. 
However, there is a limitation in an improvement of the laser wavelength of playback 
optical system, and the numerical aperture of an objective lens. Therefore, the 
technique of improving recording density with devising the configuration and the 
approach of reading of a record medium is developed. 
[0003] 



For example, there is a technique currently indicated by JP,06-290496,A (the 1st 
conventional example). According to it, in the magnetic layer of the multilayers 
structure of having the magnetic domain wall moving bed combined magnetically and a 
record maintenance layer, information is recorded on a record maintenance layer. And 
at the time of information playback, the magnetic domain wall of the record mark 
currently imprinted by the magnetic domain wall moving bed is moved, without 
changing the information recorded on the record maintenance layer using the 
temperature gradient by the exposure of a light beam. And by making the magnetic 
domain wall moving bed magnetize so that some fields of the optical beam spot may 
be in the same magnetization condition, and detecting change of the plane of 
polarization of the light beam reflected light, even if it is below the diffraction limitation 
of light, a record mark is reproducible. According to this approach, the 
magneto-optic-recording medium for which recording density and whose transfer rate 
playback of the record mark below the diffraction limitation of light is possible, and 
improved sharply, and its playback approach are realizable. 
[0004] 

In addition, by this magneto-optic-recording medium, in order to make it easy to 
happen migration of the magnetic domain wall of the record mark in the magnetic 
domain wall moving bed using the temperature gradient by the exposure of a light 
beam, elevated-temperature annealing treatment which faces across the truck (land) 
which is an information record playback field and which the laser beam of high power 
is irradiated [ annealing treatment ] and deteriorates the record maintenance layer of 
a groove part in the groove of adjoining both is performed. The effectiveness that do 
not become the magnetic domain which the magnetic domain wall which forms a 
record mark closed, namely, this annealing treatment divides between trucks 
magnetically can be acquired. A good regenerative signal can be acquired by this 
annealing treatment. 
[0005] 

Moreover, recently is prosperous in the research on a magneto-optic disk usable as 
an information record playback field, using not only a land but a groove as a truck for 
densification. Generally this is called land - and - groove method, and is considered 
that densification becomes possible in the perpendicular direction to the truck of a 
magneto-optic disk. 
[0006] 

For example, in invention indicated by JP,1 1-195252,A (the 2nd conventional 
example), land [ of a deep groove ] - and the magneto-optic-recording medium for - 
groove methods are realized by controlling the surface roughness of the 
slant-face-like side attachment wall (expressed with JP,1 1-1 95252,A the inclined 
plane of a land) which hits the boundary of the land and groove in a substrate. 
According to the experiment, by this approach, the record and playback whose track 



recording density is 0.1 1 micrometers/bit are checked using land [ of a track pitch 

0. 6micrometer deep groove (the depth of a groove is about 100nm) ] - and - groove 
record medium. 

[0007] 

[Patent reference 1] 
JP,06-290496,A 
[Patent reference 2] 
JP,11-195252,A 
[0008] 

[Problem(s) to be Solved by the Invention] 

By the approach of carrying out elevated-temperature annealing treatment of the 
groove in the 1st above mentioned conventional example, this groove could not use as 
a record playback field, but there was a problem that it was difficult to attain narrow 
track pitch-ization. 
[0009] 

Moreover, in land - like the 2nd conventional example, and - groove method, if it is 
going to perform the record playback approach of a domain-wall-displacement mold, 
in order for a level difference etc. to divide between trucks certainly magnetically, it is 
necessary to form a groove in about 100nm or more comparatively deeply. Therefore, 
the temperature distribution formed by approaching space-behavior of incident light, 

1. e., behavior of the electromagnetic wave near the boundary in the boundary of 
arbitration (it compares with wavelength and is a sufficiently small field), while tracing 
the land differ from the temperature distribution formed while tracing the deep groove 
greatly. If optical big reinforcement is relatively needed compared with the time of 
tracing a deep groove and land record is carried out to the optimal conditions in case 
it records on a land especially, the problem of carrying out a cross light to a groove will 
arise. On the other hand, when the groove was formed shallowly, there was a problem 
that it was difficult to carry out magnetic fragmentation of between trucks effectively. 
[0010] 

Then, domain-wall-displacement playback is possible for the purpose of this invention 
in land - and - groove method, and it is to offer the magneto-optic-recording medium 
of the small domain-wall-displacement mold of an engine-performance difference 
between the land of a narrow track pitch, and a groove. 
[0011] 

[Means for Solving the Problem] 

The description of this invention has the magnetic layer of a configuration of that the 
laminating of the magnetic domain wall moving bed, a switching layer, and the record 
maintenance layer was carried out. If an impression field is modulated while the light 
beam for record is irradiated, information will be recorded on the record playback field 
of a magnetic layer. The magnetic domain wall of the record mark currently imprinted 



by the magnetic domain wall moving bed if the light beam for playback is irradiated by 
the record playback field moves. In the magneto-optic-recording medium of the 
domain-wall-displacement mold with which information is reproduced by detecting 
change of the plane of polarization which the reflected light of the light beam for 
playback has Annealing treatment of the side attachment wall which exists between 
the lands and grooves which constitute the record playback field, and its near is 
carried out, and the width of face of a land is in the place where only the 4 times [ 0.5 
to ] as many size of the width of face of a side attachment wall as this is large as 
compared with the width of face of a groove. 
[0012] 

By adopting such a configuration, the adjacent record playback field is divided 
magnetically and the thing which can respond to land - and - groove record and for 
which the optical magnetic medium in which higher-density information record of a 
narrow track pitch is possible is offered is comparatively possible at the vadum. 
[0013] 

[Embodiment of the Invention] 

Hereafter, the operation gestalt of this invention is concretely explained with 
reference to a drawing. In addition, this invention is not limited by these operation 
gestalten although the operation gestalt illustrated below is an example of the best 
operation gestalt about this invention. 
[0014] 

[Magneto-optic-recording medium] 

First, the magneto-optic-recording medium (magneto-optic disk) 7 of this operation 
gestalt is explained with reference to drawing 1 . This magneto-optic disk 7 is the 
configuration that the laminating of the substrate layer 62, a magnetic layer 63, the 
Uechi layer 64, and the protective layer 65 was carried out to the substrate 61 one by 
one, and magnetic layers 63 are magnetic domain wall moving-bed 63a, switching layer 
63b, and a three-tiered structure that consists of record maintenance layer 63c. And 
this magneto-optic disk 7 is seen superficially, and its concentric circular or spiral 
side attachment wall 23 is pinched, and it is the land 21 which is the height, and the 
configuration that the groove 22 which is the concave-like section has been arranged 
by turns. The beam 31 for annealing (main beam) typically shown in drawing 1 is 
irradiated, elevated-temperature annealing treatment is performed, physical 
properties are deteriorated, most of lands 21 and grooves 22 are not influenced of 
annealing treatment, but, as for this side attachment wall 23, it is usable as a record 
playback field. 
[0015] 

The tilt angle of 60nm and a side attachment wall 23 of the depth of a groove 22 is 45 
degrees, and, specifically, the width of face (half-value width) of 0.58 microns and a 
groove 22 of the width of face (half-value width) of a land 21 is 0.50 microns. The ratio 



of the width of face (half-value width) of a land 21 and the width of face (half-value 
width) of a groove 22 is about 1.16:1. And the width of face of the truck (record 
playback field) except the affected zone of annealing treatment is about 0.44 microns, 
and is almost the same also in a groove 22 also in a land 21. That is, this 
magneto-optic disk 7 is the domain-wall-displacement mold magneto-optic-recording 
medium of the narrow track pitch whose pitch of a truck the width of face of a truck is 
0.54 microns in 0.44 microns. In addition, it is checked experimentally that the width of 
face of a truck is [ a bit error rate ] possible for 1xten to four or less record playback 
in 0.08micrometers/bit of a 1-7RLL modulation in about 0.40 microns, and the engine 
performance to which at least 0.44 microns of width of face of a truck apply to it is 
obtained. 
[0016] 

As mentioned above, according to this operation gestalt, the depth of a groove 22 is 
shallow compared with 60nm and the former, between trucks is magnetically divided in 
the narrow track pitch by the side attachment wall 23 with which annealing treatment 
is carried out and physical properties were deteriorated, and the magneto-optic disk 7 
in which domain-wall-displacement mold playback is possible is obtained by land - and 
- groove method. 
[0017] 

in addition — although the dimension of the magneto-optic disk 7 of this invention is 
not limited to said example carried out — the depth of a groove 22 — 15 degrees - 
about 75 degrees of tilt angles of a side attachment wall 23 are more preferably 
formed [ the tilt angle of a side attachment wall 23 ] in 30 degrees - about 60 degrees 
for the depth of a groove 22 by 20nm - 60nm by 10nm - about 80nm. The reason is 
explained in explanation of the manufacture approach of the magneto-optic-recording 
medium mentioned later. 
[0018] 

[The manufacture approach of a magneto-optic-recording medium] 

Next, the magneto-optic-recording medium manufacture approach of this invention 

for manufacturing the magneto-optic disk 7 which was explained above is explained to 

a detail. 

[0019] 

First, the laminating of the magnetic layer 63 which becomes a substrate 61 from the 
three-tiered structure of the substrate layer 62, magnetic domain wall moving-bed 
63a and switching layer 63b, and record maintenance layer 63c as shown in drawing 1 , 
the Uechi layer 64, and the protective layer 65 is carried out one by one, it sees 
superficially and the concentric circular or spiral side attachment wall 23 is pinched, 
and it forms so that it may become the land 21 which is the height, and the 
configuration that the groove 22 which is the concave-like section has been arranged 
by turns. Although such a formation approach is not explained in full detail here, it can 



carry out by the conventional well-known approach etc. And elevated-temperature 
annealing treatment is performed to this side attachment wall 23. In addition, about 
the detailed design approaches, such as a dimension of the land 21 and groove 22 in 
the formation process of the preceding paragraph, and a side attachment wall 23, it 
mentions later. 
[0020] 

The annealing treatment to the above mentioned side attachment wall 23 is explained 
concretely. The schematic diagram of the annealing processor used in this operation 
gestalt is shown in drawing 2 . This annealing processor is located in a line at the 
single tier on the optical axis of the semiconductor laser 1 which is the annealing light 
source, and this semiconductor laser 1. A grating 2, a polarization beam splitter (PBS) 
3, a collimator 4, the quarter-wave length plate 5, an objective lens 6, and a disk 
maintenance means (not shown), A lens maintenance means 10 to hold an objective 
lens 6, and the sensor lens 8 and sensor 9 which have been located in a line on the 
optical axis of the light reflected by PBS3, It has the tracking error generation circuit 
1 1 which analyzes it in response to the output of a sensor 9, and the actuator drive 
circuit 12 which drives the lens maintenance means 10 in response to the output of 
the tracking error generation circuit 11. The tracking error circuit 11 includes the 
polar change circuit and the tracking error detector. 
[0021] 

Divide the flux of light outputted from semiconductor laser 1 into the flux of light 
which does not receive diffraction, and the two flux of lights which are the primary 
[ **] diffracted light by the grating 2, PBS3 is made to penetrate, and it considers as 
the abbreviation parallel flux of light with a collimator 4, and is made to condense as a 
main beam 31 and two subbeams 32 and 33 on a magneto-optic disk 7 through 
lambda/4 plate 5 and an objective lens 6, in this annealing processor, as shown in 
drawing 3 . And it is made to reflect by PBS3 and a sensor 9 is made to condense 
three beams 31, 32, and 33 reflected with the magneto-optic disk 7 through the 
sensor lens 8. 
[0022] 

it is shown in drawing 3 — as — the main beam 31 among said beams condensed with 
the objective lens 6 as carried out — the side attachment wall 23 of a magneto-optic 
disk 7 — the inside of the subbeams 32 and 33 — on the other hand (the example of 
drawing subbeam 32), another side (the example of drawing subbeam 33) is condensed 
by the land 21 near the core at the groove 23, respectively. By this, annealing 
treatment of a side attachment wall 23 and its near is carried out at the minute spot 
(main beam 31) of high intensity. However, since the intensity ratio of a main beam 31 
and the subbeam 32 is set about to 1:0.1 to 0.2, even if the subbeams 32 and 33 are 
irradiated, since reinforcement is weak, annealing treatment of a land 21 and the 
groove 22 is not carried out. 



[0023] 

Thus, in order to obtain the minute spot (main beam 31) of high intensity, wavelength 
of semiconductor laser 1 is set to 400nm - 410nm, and that whose numerical aperture 
(NA) is 0.80 to about 0.90 as an objective lens 6 is used. In this operation gestalt, 
wavelength of semiconductor laser 1 was set to 410nm, and, as for the objective lens 
6, NA adopted the thing of 0.85. And the optimum value between 5mW - 7mW was 
calculated about the reinforcement of the main beam 31 in case the rotational speed 
of a magneto-optic disk 7 is 2-3m/s, and semiconductor laser 1 is set up so that the 
reinforcement of a main beam 31 may serve as the optimum value. In addition, in this 
operation gestalt, it is one with high (0.85) NA of an objective lens 6, and since there is 
a possibility of changing spot grace sharply by mechanical fluctuation of a substrate 
61 when incidence of the light is carried out to a magnetic layer 63 through a 
substrate 61, in order to avoid it, it constitutes so that incidence of the light may be 
carried out to a substrate 61 from the opposite side. 
[0024] 

By the way, the magneto-optic disk 7 of this operation gestalt is for performing record 
playback in the conditions [ wavelength / beam / NA / of an objective lens ] in 660nm 
0.60. In this case, the usual push pull signal has large possibility that wavelength which 
was described above will not be obtained by 410nm at the beam spot whose NA of an 
objective lens is 0.85. Then, in order to acquire a push pull signal, as shown in drawing 
3 , the subbeams 32 and 33 are made thick. That is, he is trying to become the spot 
which corresponds when wavelength is [ NA of an objective lens ] 0.55 to about 0.60 in 
410nm for the subbeams 32 and 33 using the grating 2 as shown in drawing 4 . The 
circle 24 shown in drawing 4 by the dotted line shows the diameter of the flux of light 
on the grating 2 equivalent to the entrance pupil of an objective lens 6. The grid of a 
grating 2 is formed in field 2' smaller than it, the flux of light diffracted turns into the 
flux of light thinner than an entrance pupil at the entrance pupil point of an objective 
lens 6 as a result, and the main beam 31 extracted with the low objective lens 6 of NA 
is condensed on a magneto-optic disk 7. In this case, since, as for a 
non-diffracted-light bundle, the reinforcement of a core falls, a main beam 31 can also 
expect the so-called effectiveness of optical super resolution. In addition, by 410nm, 
wavelength should just prepare [ NA of an objective lens ] the grid of a grating 2 in a 
bigger field than the circle (entrance pupil) 24 of a dotted line like the approach usually 
performed with it, if it seems that a push pull signal is acquired by the configuration of 
a groove 22 also at the spot which is 0.85. 
[0025] 

On the other hand, it is again reflected by PBS3 and three beams 31, 32, and 33 
reflected with the magneto-optic disk 7 are made to condense through the sensor 
lens 8, as shown in drawing 2 by the sensor 9. In the tracking error generation circuit 
11, a tracking error is detected from the output signal with which a tracking error 



detector is obtained from a sensor 9, and if it detects that the annealing treatment for 
1 round of a side attachment wall 23 finished, by the adjoining side attachment wall 23, 
a polar change circuit will change the polarity of a tracking error according to the 
inclination of a tracking error becoming opposite. Based on the information from this 
tracking error generation circuit 1 1, the actuator drive circuit 12 moves the objective 
lens maintenance means 10 so that annealing treatment of the next side attachment 
wall 23 may be carried out, and it applies the so-called tracking servo. 
[0026] 

This tracking error generation and tracking servo are explained below at a detail. First, 
how to generate the tracking error for carrying out the tracking of the main beam 31 
on a side attachment wall 23 is explained with reference to drawing 5 . A sensor 9 
consists of division sensors 41, 42, and 43 of three groups, and spots 51, 52, and 53 
are condensed on each division sensors 41 and 42 and 43 corresponding to three 
beams 31, 32, and 33 on a magneto-optic disk 7. Based on (A+CMB+D), a focal error 
signal is obtained from the division sensor 41. On the other hand, the push pull 
tracking error signal based on TE1=F-E and TE2=H-G is acquired from the division 
sensors 42 and 43, respectively. Here, the well-known differential push pull method is 
applied to the subbeams 52 and 33 [ 32 and ] 53, i.e., spots. Then, the repressed 
tracking error signal for DC offset is acquired. 
[0027] 

Based on this tracking error signal, the tracking servo stabilized at the time of the 
annealing treatment of a side attachment wall 23 becomes possible. And it offsets if 
needed, and as mentioned above, when moving to the next side attachment wall 23, he 
changes the polarity of a tracking error signal and is trying to apply a tracking servo. 
[0028] 

Here, a tracking servo is described. The relation of the tracking error signal mentioned 
above is indicated to be a land 21 and a groove 22 to drawing 6 . As shown in drawing 
6 , when moving to side-attachment-wall 23' which adjoins from a side attachment 
wall 23, the amount delta of offset for DETORAKKU remains as it is, and has changed 
the polarity. By carrying out like this, DETORAKKU by the side of a groove 22 can 
always be maintained. This offset is principle top needlessness, when the width of face 
of a land 21 and a groove 22 is equal. However, since the core of a side attachment 
wall 23 is not a midpoint between the core of a land 21 , and the core of a groove 22, in 
order to make the core of a side attachment wall 23 carry out tracking when the width 
of face of a land 21 and a groove 22 differs, it is necessary to offset a little. In this 
operation gestalt, since the width of face of a land 21 is wider than the width of face of 
a groove 22 so that it may mention later, it is required to maintain DETORAKKU of the 
some by the side of a groove 22. 
[0029] 

Next, the mimetic diagram shown in drawing 7 -10 about the annealing treatment of a 



side attachment wall 23 in the examination result in the analysis of the optical spot 
profile based on vector analysis and the amount of light absorption of a thin film and 
the temperature-distribution analysis based on the thermal diffusion equation using 
the result further is explained as a model. 
[0030] 

The linear velocity of 2.0m/s shows the light absorption distribution at the time of 
irradiating the spot 51 (main beam 31) for annealing at the core of a side attachment 
wall 23 to drawing 7 and drawing 8 . The location of the radial direction which is the 
axis of abscissa of these graphs expresses the core of a side attachment wall 23 as 
criteria (0). With this operation gestalt, the depth of a groove 22 is 60nm and the tilt 
angle of a side attachment wall 23 is 45 degrees. Drawing 7 shows the light absorption 
distribution (exoergic distribution) in the cross section of a radial direction (disk radial). 
Drawing 8 shows the contour line of superficial light absorption distribution (exoergic 
distribution) on the strength. In drawing 8 , the direction of a truck is the spot 
migration direction, and expresses the location of the spot currently irradiated as 
criteria (0). Drawing 7 and 8 show that light absorption has the peak near a land edge 
(edge of a land 21). That is, light absorption distribution is seen from [ of light ] 
incidence, and is concentrated near the edge of the convex land 21. This means the 
localization of the electric field in microstructure known for the approaching space 
optical field. 
[0031] 

The temperature distribution at that time are shown in drawing 9 and drawing 10 . 
Drawing 9 shows the temperature distribution in the cross section of a radial direction 
(disk radial). Drawing 10 shows the contour line of superficial temperature distribution 
on the strength. Even if the peak of temperature is near a land edge too reflecting light 
absorption distribution and it carries out a two-dimensional view, the field where 
temperature is high spreads out near the land edge. Therefore, it turns out that 
annealing temperature is reached in an order from the field from a side attachment 
wall 23 to a land 21. 
[0032] 

As mentioned above, since light absorption distribution has a peak near a land edge 
and the field where temperature is high spreads near a land edge as a result, even if 
DETORAKKU [ a spot ] at the time of annealing treatment somewhat, it turns out that 
the effect is small. <BR> [0033] 

By the way, in this operation gestalt, the boundary section of a groove 22 and a side 
attachment wall 23 carries out an adjustment setup of the annealing exposure light 
reinforcement so that it may become the threshold of annealing temperature exactly. 
That is, in drawing 9 , the temperature Tw in the location (edge by the side of the 
groove 22 of a side attachment wall 23) which shifted only the one half w of the width 
of face of a side attachment wall 23 from the core of a side attachment wall 23 to the 



groove 22 side is set up so that it may become the threshold of annealing temperature. 
By the groove 22 side, annealing even of the edge of only the field 23 of the one half w 
of the width of face of a side attachment wall 23, i.e., a side attachment wall, is carried 
out from the core of a side attachment wall 23 by this. However, from the core of a 
side attachment wall 23, by the land 21 side, since the hot field is large compared with 
the groove 22 side so that clearly from drawing 9 and the temperature distribution of 
1 0, annealing only of the width of face La larger than the annealing field by the side of 
a groove 22 (field of the one half w of the width of face of a side attachment wall 23) is 
carried out. That is, annealing also of the part close to the side attachment wall 23 of 
a land 21 is carried out. 
[0034] 

If it thinks from this, as described above, annealing treatment of a side attachment 
wall 23 and its near is carried out by setting the core of a side attachment wall 23 as 
a condensing core, and in order to make it the width of face of the truck (record 
playback field) in the land 21 after annealing treatment and the width of face of the 
truck (record playback field) in a groove 22 become almost equal, it is necessary to 
make width of face of a land 21 into width. Desirably, it is good only for the value of 
the width of face (La-w) of a groove 22 to make width of face of a land 21 large. Thus, 
without extending a track pitch vainly, the width of face of a truck can be equalized 
and domain-wall-displacement regenerative-signal grace can be arranged. In addition, 
with this operation gestalt, light is irradiated from a substrate 61 and the opposite side. 
[0035] 

In addition, the magneto-optic disk 7 of this operation gestalt performs record 
playback of land - and - groove method, and 15 degrees - its about 75 degrees are 
[ the depth of the groove 22 ] suitable for the tilt angle of 10nm - about 80nm and a 
side attachment wall 23. When the depth of a groove 22 is about 10nm or less or 
100nm order extent, the modulation factor of the push pull signal at the time of 
irradiating a light beam is too low to perform normal tracking error signal generation. 
Moreover, if the tilt angle of a side attachment wall 23 is within the limits which is 
extent which can perform shaping of a substrate 61 easily when the depth of a groove 
22 is deeper than 100nm, the width of face of a side attachment wall 23 will become 
large. If the width of face of a side attachment wall 23 becomes large too much, since 
the width of face of the truck (land - and record playback field in - groove method) of 
a land 21 and a groove 22 will become narrow after **** and the annealing treatment 
of a side attachment wall 23 that much, good domain-wall-displacement mold record 
playback becomes impossible. The problem that shaping of a substrate 61 will become 
it difficult that possibility that un-arranging [ which the width of face of a side 
attachment wall 23, on the other hand, became it large that the tilt angle of a side 
attachment wall 23 was 15 degrees or less too much, and was described above ] will 
arise is large, and is 75 degrees or more arises. After all, 15 degrees - about 75 



degrees are suitable for the depth of a groove 22, and the depth of a groove 22 can 
say that the tilt angle of 10nm - about 80nm and a side attachment wall 23 is better 
for it with the tilt angle of 20nm - 60nm and a side attachment wall 23 being 30 
degrees - about 60 degrees. 
[0036] 

Thus, the depth of a groove 22 actually analyzed about the magneto-optic disk 7 
whose tilt angle of 10nm - 80nm and a side attachment wall 23 is 15 degrees - 75 
degrees. The depth of a groove 22 shows the difference of the width of face of the 
field of a value (La-w), i.e., a land 21 and a groove 22, by which annealing treatment is 
carried out in Table 1 by 20nm, 40nm, and 60nm among the analysis result about the 
case where the tilt angles of a side attachment wall 23 are 30 degrees, 45 degrees, 
and 60 degrees. Moreover, the width of face (2w) of the side attachment wall 23 at 
that time is shown in Table 2. 
[0037] 
[Table 1] 

[»1] 
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20 nm 


40 nm 


60 nm 


30° 


50.3 nm 


63.8 nm 


72.8 nm 


45° 


46.3 nm 


61.9 nm 


78.1 nm 


60° 


42.2 nm 


54.5 nm 


64.9 nm 
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20 nm 


40 nm 


60 nm 


30° 


35 nm 


69 nm 


104 nm 


45° 


20 nm 


40 nm 


60 nm 


60° 


1 1 nm 


23 nm 


35 nm 



The ratio of width-of-face 2w of a value (La-w) and a side attachment wall 23 
becomes 0.7 to about 3.8 from this Table 1 and 2. namely, by the 
magneto-optic-recording medium which performs record by land - and - groove 
method, like this invention In irradiating light from a substrate 61 and the opposite side 
and carrying out annealing treatment of a side attachment wall 23 and its near By 
20nm - 60nm, if the tilt angle of a side attachment wall 23 is 30 degrees - about 60 
degrees, the depth of a groove 22 If the width of face of a side attachment wall 23 is 
wide about 0.7 to 3.8 times and width of face of a land 21 is carried out as compared 
with the width of face of a groove 22 The grace of a domain-wall-displacement 
regenerative signal can be arranged without the width of face of a truck (record 
playback field) in the land 21 after annealing treatment and the width of face of the 
truck (record playback field) in a groove 22 becoming almost equal, and extending a 
track pitch vainly. In addition, the tilt angle of a side attachment wall 23 has the depth 
of a groove 22 good at 10nm - about 80nm for the width of face of a side attachment 
wall 23 to be wide about 0.5 to 4 times, and to carry out width of face of a land 21 as 
compared with the width of face of a groove 22, if it is 15 degrees - about 75 degrees. 
[0038] 

The magneto-optic disk 7 of this operation gestalt is for performing record playback in 
the conditions [ wavelength / beam / NA / of an objective lens ] in 660nm 0.60 as 
described above. When performing record of land - and - groove method upwards, and 
narrowing a track pitch further wishes, it is appropriate to make the pitch of a groove 
22 into about 1.0-1.2 microns. In a pitch narrower than this, even if it can perform 
magnetic fragmentation, it is because the effect from adjoining trucks, such as a cross 
talk, poses a big problem. Thus, in 20nm - about 60nm, when the pitch of a groove 22 
is made into 1.0-1.2 microns, if the depth of a groove 22 is 30 degrees - about 60 
degrees, it is [ the tilt angle of a side attachment wall 23 of the width of face 
(half-value width) of the width-of-face (half-value width):groove 22 of a land 21 ] 
about 1.07 to 1.17:1. Moreover, in 10nm - about 80nm, if the depth of a groove 22 is 15 
degrees - about 75 degrees, it is [ the tilt angle of a side attachment wall 23 of the 
width of face (half-value width) of the width-of-face (half-value width):groove 22 of a 
land 21 ] about 1.05 to 1.20:1. 
[0039] 

By 410nm, although wavelength of the annealing conditions about the optical system 
in this operation gestalt, i.e., the light beam for annealing, is premised on the 
conditions that NA of an objective lens 6 is 0.85, the above explanation Since it is the 
design based on light absorption distribution seeing from optical incidence, and 
concentrating near the edge section of the convex land 21 as shown in drawing 7 -10 



Unless the annealing conditions about optical system are greatly separated from said 
annealing conditions adopted with this operation gestalt, the big difference in a 
situation is not produced and the good magneto-optic disk 7 is substantially obtained 
by the same design. 
[0040] 

In this way, the magneto-optic disk 7 of this operation gestalt same with having been 
shown in drawing 1 is obtained. As shown in drawing 1 1 , the field (magnetic 
deterioration field) 24 which mainly serves as field inner magnet-ized film focusing on 
the edge section of a land 21 and where magnetism was deteriorated exists in this 
magneto-optic disk 7. And as an example, since the tilt angle of a side attachment wall 
23 formed [ the depth of a groove ] in 45 degrees by 60nm, w was 0.06 microns in 
about 0.08 microns, and (La-w) made the pitch of a groove 22 1 .08 microns, and made 
0.50 microns width of face (half-value width) of 0.58 microns and a groove 22 for the 
width of face (half-value width) of a land 21. By this, the width of face of the truck 
after annealing treatment (record playback field) becomes about 0.44 microns, and 
turns into the almost same width of face by the land 21 and the groove 22. Moreover, 
the ratio of the width of face (half-value width) of a land 21 and the width of face 
(half-value width) of a groove 22 is about 1.16:1. In this way, the 
domain-wall-displacement mold magneto-optic-recording medium with a narrow track 
pitch with a comparatively shallow groove 22 whose track pitch the width of recording 
track is 0.54 microns in 0.44 microns was obtained. 
[0041] 

[The 1st embodiment] 

It has the magnetic layer of a configuration of that the laminating of the magnetic 
domain wall moving bed, a switching layer, and the record maintenance layer was 
carried out. If an impression field is modulated while the light beam for record is 
irradiated, information will be recorded on the record playback field of said magnetic 
layer. It is the magneto-optic-recording medium of the domain-wall-displacement 
mold with which said information is reproduced by detecting change of the plane of 
polarization which the magnetic domain wall of the record mark currently imprinted by 
said magnetic domain wall moving bed will move if the light beam for playback is 
irradiated by said record playback field, and the reflected light of said light beam for 
playback has, 

Annealing treatment of the side attachment wall which exists between the lands and 

grooves which constitute said record playback field, and its near is carried out, 

The width of face of said land is a magneto-optic-recording medium characterized by 

only the 4 times [ 0.5 to ] as many size of the width of face of said side attachment 

wall as this being large as compared with the width of face of said groove. 

[0042] 

[The 2nd embodiment] 



It has the magnetic layer of a configuration of that the laminating of the magnetic 
domain wall moving bed, a switching layer, and the record maintenance layer was 
carried out. If an impression field is modulated while the light beam for record is 
irradiated, information will be recorded on the record playback field of said magnetic 
layer. It is the magneto-optic-recording medium of the domain-wall-displacement 
mold with which said information is reproduced by detecting change of the plane of 
polarization which the magnetic domain wall of the record mark currently imprinted by 
said magnetic domain wall moving bed will move if the light beam for playback is 
irradiated by said record playback field, and the reflected light of said light beam for 
playback has, 

Annealing treatment of the side attachment wall which exists between the lands and 

grooves which constitute said record playback field, and its near is carried out, 

The magneto-optic-recording medium by which the period of said groove is 1.0-1.2 

microns, and the ratio to the width of face of said groove of the width of face of said 

land is characterized by being 1.05-1.20. 

[0043] 

[The 3rd embodiment] 

Said side attachment wall and its near are a magneto-optic-recording medium given in 
the 1st or 2nd embodiment by which physical properties are deteriorated by irradiating 
the light beam for annealing. 
[0044] 

[The 4th embodiment] 

It has the magnetic layer of a configuration of that the laminating of the magnetic 
domain wall moving bed, a switching layer, and the record maintenance layer was 
carried out. If an impression field is modulated while the light beam for record is 
irradiated, information will be recorded on the record playback field of said magnetic 
layer. It is the manufacture approach of the magneto-optic-recording medium of a 
domain-wall-displacement mold that said information is reproduced, by detecting 
change of the plane of polarization which the magnetic domain wall of the record mark 
currently imprinted by said magnetic domain wall moving bed will move if the light 
beam for playback is irradiated by said record playback field, and the reflected light of 
said light beam for playback has, 

The process which the light beam for annealing is irradiated [ process ] and 
deteriorates physical properties in the side attachment wall which exists between the 
lands and grooves which constitute said record playback field, and its near is included, 
The manufacture approach of a magneto-optic-recording medium that width of face 
of said land is characterized by forming said land and said groove so that only the 4 
times [ 0.5 to ] as many size of the width of face of said side attachment wall as this 
may become large as compared with the width of face of said groove. 
[0045] 



[The 5th embodiment] 

It has the magnetic layer of a configuration of that the laminating of the magnetic 
domain wall moving bed, a switching layer, and the record maintenance layer was 
carried out. If an impression field is modulated while the light beam for record is 
irradiated, information will be recorded on the record playback field of said magnetic 
layer. It is the manufacture approach of the magneto-optic-recording medium of a 
domain-wall-displacement mold that said information is reproduced, by detecting 
change of the plane of polarization which the magnetic domain wall of the record mark 
currently imprinted by said magnetic domain wall moving bed will move if the light 
beam for playback is irradiated by said record playback field, and the reflected light of 
said light beam for playback has, 

The process which the light beam for annealing is irradiated [ process ] and 
deteriorates physical properties in the side attachment wall which exists between the 
lands and grooves which constitute said record playback field, and its near is included, 
The manufacture approach of the magneto-optic-recording medium characterized by 
forming said land and said groove so that the period of said groove may be 1.0-1.2 
microns and the ratio to the width of face of said groove of the width of face of said 
land may be set to 1 .05-1 .20. 
[0046] 

[Effect of the Invention] 

In the magneto-optic-recording medium which according to this invention adopts land 
- and - groove method, and performs domain-wall-displacement mold record playback 
as stated above Even if it is a comparatively shallow groove by carrying out annealing 
treatment of the side attachment wall located between a land and a groove, and 
deteriorating physical properties, the record playback field of a land and a groove 
which adjoins mutually is divided magnetically effectively, and good high density 
record and playback can be performed. And when only the specified quantity makes 
width of face of a land larger than the width of face of a groove, the record playback 
field of a land and a groove is mostly made into this width of face, and a regenerative 
signal can be equalized and it can be made high definition. 
[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view showing the important section of the 
magneto-optic disk of this invention. 

[Drawing 2] It is the mimetic diagram of the annealing processor used for the 
manufacture approach of the magneto-optic disk of this invention. 
[Drawing 3] It is the typical top view showing the optical exposure process to the 
magneto-optic-disk top in the manufacture approach of the magneto-optic disk of 
this invention. 

[Drawing 4] It is the explanatory view showing the structure of the grating of the 
annealing processor shown in drawing 2 . 



[Drawing 5] It is the block diagram showing the outline of the tracking error generation 
circuit of the annealing processor shown in drawing 2 . 

[Drawing 6] It is the explanatory view showing the tracking error in the manufacture 
approach of the magneto-optic disk of this invention. 

[Drawing 7] It is drawing showing exoergic distribution of the radial direction in the 
optical exposure process to the magneto-optic-disk top in the manufacture approach 
of the magneto-optic disk of this invention. 

[Drawing 8] It is drawing showing the contour line on the strength in the optical 
exposure process to the magneto-optic-disk top in the manufacture approach of the 
magneto-optic disk of this invention. 

[Drawing 9] It is drawing showing the temperature distribution of the radial direction in 
the optical exposure process to the magneto-optic-disk top in the manufacture 
approach of the magneto-optic disk of this invention. 

[Drawing 10] It is drawing showing the constant-temperature line in the optical 
exposure process to the magneto-optic-disk top in the manufacture approach of the 
magneto-optic disk of this invention. 

[Drawing 11] It is the typical top view showing the important section of the 
magneto-optic disk of this invention. 
[Description of Notations] 

1 Semiconductor Laser 

2 Grating 

3 Polarization Beam Splitter (PBS) 

4 Collimator 

5 Quarter-wave Length Plate 

6 Objective Lens 

7 Magneto-optic-Recording Medium (Magneto-optic Disk) 

8 Sensor Lens 

9 Sensor 

10 Lens Maintenance Means 

1 1 Tracking Error Generation Circuit 

12 Actuator Drive Circuit 

21 Land 

22 Groove 

23 Side Attachment Wall 

24 Magnetic Deterioration Field 

31 Beam for Annealing (Main Beam) 

32 33 Subbeam 

61 Substrate 

62 Substrate Layer 

63 Magnetic Layer 



63a Magnetic domain wall moving bed 

63b Switching layer 

63c Record maintenance layer 

64 Uechi Layer 

65 Protective Layer 
delta The amount of offset 

w 1/2 of side-attachment-wall width efface 
Tw Annealing temperature threshold 

La Width of face of the annealing field of the landau corresponding to Tw 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view showing the important section of the 
magneto-optic disk of this invention. 

[Drawing 2] It is the mimetic diagram of the annealing processor used for the 
manufacture approach of the magneto-optic disk of this invention. 
[Drawing 3] It is the typical top view showing the optical exposure process to the 
magneto-optic-disk top in the manufacture approach of the magneto-optic disk of 
this invention. 

[Drawing 4] It is the explanatory view showing the structure of the grating of the 
annealing processor shown in drawing 2 . 

[Drawing 5] It is the block diagram showing the outline of the tracking error generation 
circuit of the annealing processor shown in drawing 2 . 

[Drawing 6] It is the explanatory view showing the tracking error in the manufacture 
approach of the magneto-optic disk of this invention. 

[Drawing 7] It is drawing showing exoergic distribution of the radial direction in the 
optical exposure process to the magneto-optic-disk top in the manufacture approach 
of the magneto-optic disk of this invention. 

[Drawing 8] It is drawing showing the contour line on the strength in the optical 
exposure process to the magneto-optic-disk top in the manufacture approach of the 



magneto-optic disk of this invention. 

[Drawing 9] It is drawing showing the temperature distribution of the radial direction in 
the optical exposure process to the magneto-optic-disk top in the manufacture 
approach of the magneto-optic disk of this invention. 

[Drawing 10] It is drawing showing the constant-temperature line in the optical 
exposure process to the magneto-optic-disk top in the manufacture approach of the 
magneto-optic disk of this invention. 

[Drawing 11] It is the typical top view showing the important section of the 
magneto-optic disk of this invention. 
[Description of Notations] 

1 Semiconductor Laser 

2 Grating 

3 Polarization Beam Splitter (PBS) 

4 Collimator 

5 Quarter-wave Length Plate 

6 Objective Lens 

7 Magneto-optic-Recording Medium (Magneto-optic Disk) 

8 Sensor Lens 

9 Sensor 

10 Lens Maintenance Means 

1 1 Tracking Error Generation Circuit 

12 Actuator Drive Circuit 

21 Land 

22 Groove 

23 Side Attachment Wall 

24 Magnetic Deterioration Field 

31 Beam for Annealing (Main Beam) 

32 33 Subbeam 

61 Substrate 

62 Substrate Layer 

63 Magnetic Layer 

63a Magnetic domain wall moving bed 

63b Switching layer 

63c Record maintenance layer 

64 Uechi Layer 

65 Protective Layer 
delta The amount of offset 

w 1/2 of side-attachment-wall width of face 
Tw Annealing temperature threshold 

La Width of face of the annealing field of the landau corresponding to Tw 
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